To evaluate the effects of adjunctive pregabalin 300 mg/day versus placebo on polysomnographic (PSG) variables in patients with well controlled partial seizures and subjectively reported sleep disturbance. Methods: An exploratory, 4-week, double-blind, randomized study in patients with well controlled partial seizures on AED monotherapy and subjective sleep disturbance over the previous 6 months. Mean changes from baseline to endpoint in PSG and subjective sleep variables (MOS Sleep Scale, Groningen Sleep Questionnaire) in patients on adjunctive pregabalin 300 mg/day (n=8) were compared with patients on placebo (n=7). Results: Baseline PSGs showed sleep fragmentation. Mean sleep efficiency improved significantly in both treatment groups in the mean baseline to endpoint change; there was no significant between-group difference. Pregabalin treatment was associated with a significant reduction in number of awakenings (p = 0.02), and improvement in wake time after sleep onset approached significance (p = 0.055), suggesting improvement in sleep continuity that was not observed in the placebo group. Pregabalin was also associated with significant improvements in the MOS sleep disturbance and sleep quantity subscales compared with placebo (p ≤0.03). There were no changes in self-reported seizure control. Conclusions: This exploratory pilot study suggests that pregabalin may improve sleep continuity in patients with clinically relevant sleep disturbance. The effect on disturbed sleep appears independent of seizure control. 
INTRODUCTION
T he prevalence of subjectively reported sleep disturbance among people with epilepsy (39%) was found to be significantly greater than among controls (18%), according to a questionnaire-based survey involving responses from 486 patients with partial seizures and 492 age-and gender-matched controls. 1 Furthermore, the presence of sleep disturbance was associated with significant impairment of quality of life, as assessed using SF-36, in both people with epilepsy and in controls. This was an expected finding, since sleep disturbance is known to be associated with impaired quality of life in patients with chronic medical illness 2 and in people who are not chronically ill. 3, 4 A novel finding from this previous survey was that the presence of sleep disturbance was associated with significantly greater quality of life impairment than partial epilepsy alone. 1 This highlights the importance of sleep disturbance among people with epilepsy. [5] [6] [7] The relationships between epilepsy and sleep disturbance are complex and poorly understood. Previous polysomnographic studies have shown that sleep disturbance in patients with epilepsy is mainly characterized by sleep fragmentation, showing a decreased sleep efficiency and a larger number of awakenings and arousals. 5, [8] [9] [10] Causes for the reduction in sleep continuity are unknown, but several factors have been implicated. Sleep disorders in epilepsy might be related to associated psychosocial and mood disturbance, 11, 12 the occurrence of nocturnal or daytime seizures, 11, 13 which can alter sleep architecture beyond the postictal phase, 5 or due to the presence of epilepsy itself even when seizures are not manifest. 8, 9 It has also been demonstrated that AEDs may alter sleep architecture. 14, 15 Further complicating the picture is evidence that disturbed sleep can affect seizure control. 13 It has been speculated that AEDs that control seizures and consolidate disturbed sleep might confer benefits to patients beyond seizure control. 5 Pregabalin is a new antiepileptic drug (AED) that is approved in over 60 countries for use in adults for the adjunctive treatment of partial seizures, with or without secondary generalization and the treatment of neuropathic pain. Pregabalin binds to the α 2 δ subunit of voltage-gated calcium channels in the central nervous system and has analgesic, antiepileptic, and anxiolytic activity. 16 Pregabalin does not mimic GABA at GABA A or GABA B receptors, nor does it augment GABA A responses like benzodiazepines or barbiturates. 16 In addition to its efficacy in the treatment of patients with refractory partial seizures, [17] [18] [19] [20] pregabalin 150-600 mg/day has also been shown to have rapid and potent analgesic efficacy in the treatment of peripheral neuropathic pain. [21] [22] [23] In these studies, pregabalin was also associated with a rapid and significant reduction in sleep disturbance. 24 In healthy volunteers, pregabalin was associated with a significantly higher proportion of slow wave sleep than both placebo and alprazolam. 25 Collectively, these data suggest that pregabalin, while it is not a hypnotic, might benefit disturbed sleep for indications other than pain, such as epilepsy.
The study reported here was a randomized, placebo-controlled exploratory study that employed polysomnography (PSG) and subjective sleep questionnaires to examine the effects of pregabalin 300 mg/day in patients with well controlled partial seizures and self-reported sleep disturbance. The dose of 300 mg/day is in the middle of the 150-600 mg/day therapeutic dose range, and expected to be widely employed in clinical practice.
METHODS
This study was conducted at two sleep centers, both affiliated with the Centre for Human Drug Research in The Netherlands, between December 2002 and June 2004. The study was approved by the central ethics committee and the local ethics committees and conducted in accordance with the declaration of Helsinki (South Africa 1996 amendment), Good Clinical Practice and all applicable local laws and regulations. All patients gave written informed consent prior to screening.
Selection of Patients
In total, 17 patients participated in this study. Participants were initially selected from respondents to an earlier survey-based study, investigating the prevalence of sleep disturbance in patients with epilepsy and the impact of sleep disturbance on quality of life. 1 In this cohort of 486 epilepsy patients, 39% had a sleep disturbance, and 35 patients were eligible for recruitment. Many patients from the original pool of patients with sleep disturbance were not eligible to enter this PSG study because they did not fulfil criteria regarding use of antiepileptic medication or because they were treated in a center that only participated in the survey. Only 6 eligible patients entered the study over an 18-month period. Subsequently, advertisements were placed in newspapers, local radio stations, and on websites. This yielded 14 patients for screening in 10 months. Eleven of these patients were entered into the study.
Medical and psychiatric histories were taken by a neurologist. Men or women aged at least 18 years, who were registered outpatients at epilepsy clinics with partial seizures 26 (simple partial, complex partial, or partial seizure with secondary generalization) were allowed to enter. They were required to have experienced no more than one secondarily generalized tonic-clonic seizure per week over the previous 3 months. Patients were also required to be using monotherapy with carbamazepine (oxcarbazepine included), valproate, or lamotrigine at a dose that was stable for at least 2 weeks.
Only patients with disturbed sleep in the past 6 months, as assessed using the Sleep Diagnosis List (SDL) 27, 28 and who had a usual bedtime of between 22:00 and 01:00, with 7 to 8.5 hours of time in bed after lights out, were entered. Those taking any concomitant medications with known effects on sleep (except AEDs) were excluded. Patients with SDL-suspected and PSG-confirmed sleep apnea and periodic leg movement (PLM) syndrome were excluded from the study.
Other exclusion criteria such as clinically relevant medical or psychological illness and social conditions that might interfere with normal sleep (e.g. worrying, shift work) were verified during screening. Patients with a history of hypersensitivity or intolerance to pregabalin or gabapentin were also excluded. Women were not pregnant or breastfeeding, and those of childbearing potential were reliably using contraception.
Study Design and Treatment
This was a 4-week, randomized, double-blind, placebo-controlled, parallel-group study. Patients were randomized to either pregabalin 300 mg/day or placebo, both taken in a twice daily (BID) dosing schedule. Pregabalin treatment initiated at 150 mg/day for 4 days and then increased to 300 mg/day. Randomization was by computer generated code using a 1:1 ratio. Study center visits were at screening (2-21 days before randomization), the day before treatment (baseline), on the first day of treatment, and then weekly for 4 weeks.
Polysomnography Evaluations
Ambulatory (in-home) polysomnography (PSG) was performed at baseline and at the end of week 4. Patients visited the sleep center and were connected to the Embla recorder for ambulatory polysomnography during nocturnal sleep. The next morning they returned to the sleep center where the electrodes were removed and data were collected.
The data were registered digitally using 4 leads (F z -C z , P z -O z , C 3 -A 2 , C 4 -A 1 ). An electro-oculogram (EOG) was used to measure the change from wakefulness to superficial sleep (NREM1) and in combination with chin electromyogram (chin EMG) to describe REM sleep. A surface EMG of both tibialis muscles was used to detect periodic leg movements. Oronasal airflow was measured using a thermistor to detect apneas and hypopneas. Each PSG was manually read by one of the two readers and scored in 30-second epochs using Rechtschaffen-Kales criteria. 29 The polysomnography reports were verified by a neurologist at the sleep center.
The following variables were derived from the PSGs: time in bed (TIB; time from "lights out" to "get up," in minutes), total sleep time (TST; time occupied by stages 1-4 inclusive and REM, in minutes); sleep efficiency (SE; TST divided by TIB, expressed as a percentage); wake time after sleep onset (WASO; in minutes); number of awakenings ( >15 seconds); arousals ( >3 seconds to ≤15 seconds); and the duration of each sleep stage as a percentage of TST. Sleep onset latency (SOLAT) was defined in accordance with clinical practice in the Centre for Sleep & Wake Disorders, as time from "lights out" to the first epoch of stage 2, in minutes. REM latency was defined as time from SOLAT to the occurrence of the first REM epoch (minutes).
Questionnaire Evaluations
Patients completed a daily seizure diary. The SDL, which evaluated sleep disturbance in the previous 6 months, was completed at screening only. At baseline and at the end of the 4-week treatment period, patients completed the Medical Outcomes Study (MOS) Sleep Scale 30 and the Groningen Sleep Questionnaire (GSQ).
31-33
The questionnaires have been validated in Dutch. The SDL, which consists of 75 randomly distributed questions about 6 common sleep disturbances (insomnia, sleep apnea, periodic leg movements, daytime sleepiness, narcolepsy, psychiatric sleep disturbance) in the past 6 months, was answered on a 5-point scale from 1=never to 5=very often or always. A total mean score ≥3 in a category indicated the presence of a sleep disturbance. The MOS-Sleep Scale evaluated sleep in the past 4 weeks and included 12 questions about sleep, answered on a 6-point scale from 1=all of the time to 6=none of the time, as well as perceived duration of sleep and sleep latency. This scale has been found a reliable and valid tool for the subjective assessment of sleep. 34 The GSQ included 14 questions about sleep the previous night, answered Yes or No. Total scores range from 0 to 14, with a higher score indicating better subjective quality of sleep. This questionnaire has been validated in depressed patients 31 and has been used in studies in other populations.
32,33

Tolerability and Safety
All spontaneously reported or observed adverse events were recorded in a diary and reported at weekly clinic visits. Routine laboratory tests (haematology, blood chemistry [including liver enzymes and electrolytes]) were conducted at screening baseline and at week 4.
Statistical Analysis
As this was an exploratory study, no power calculations were made. The principal efficacy variable was the comparison of the mean change in sleep efficiency from baseline to week 4 between the pregabalin group and the placebo group. Only patients with a baseline PSG and week 4 PSG were included in the analysis. Analysis of within group changes from baseline in sleep efficiency was a secondary efficacy variable. Analysis of within-group and between-group changes in all other PSG variables and questionnaire-based assessments were also secondary.
Between-group differences were derived from the ANCOVA model, which included treatment as a factor and adjustment for baseline. Within-group differences were determined using an ANOVA model with treatment as a factor.
RESULTS
Patient Characteristics and Disposition
Seventeen eligible patients entered the study. The baseline demographic characteristics (Table 1 ) and seizure types (Table 2) were similar in the placebo and pregabalin groups. Epilepsy was due to structural lesions in 3 patients. The etiology was unknown in the other patients (2 of whom had a family history of epilepsy). Subjects were clinically seizure free during the 1-3 week period between screening and the first PSG. The most common sleep complaint on the SDL was compatible with primary insomnia. Three patients scored positive on the subscales for "psychiatric sleep disorder" as well as for "primary sleep disorder," but further psychiatric examination provided no clinical indications for psychological distress or psychiatric disease that warranted exclusion. The apnea-hypopnea index (AHI) on the baseline PSG ranged from 0 to 2.1, and periodic leg movement index (PLMI) ranged from 0 to 7.6 across all patients.
One patient discontinued pregabalin treatment on day 12 due to increased seizure frequency. Another patient completed the study, but data of the second PSG were lost due to technical problems. Therefore, one patient from each group was not included in the analyses of sleep variables.
Seizure Frequency
During the 4-week treatment period 2 patients in the placebo group and 3 in the pregabalin group experienced seizures. All these patients in these "per protocol" groups first reported sei- 
PSG Variables
The principal efficacy variable, mean sleep efficiency, improved in both treatment groups ( Table 3) . The difference between the pregabalin group and the placebo group was not statistically significant. The difference between the pregabalin and placebo groups in the mean change in the number of awakenings was statistically significant (95% CI: 0.1 to 7.6; p = 0.02) and the difference in WASO approached statistical significance (95% CI: -1.0 to 78.9; p = 0.055). In the pregabalin group, significant within-group reductions from baseline in the mean number of awakenings and WASO were observed, as opposed to nonsignificant increases in the placebo group. In the within-group comparison, placebo treatment was associated with a significant decrease in SOLAT (from 38.1 to 12.9 minutes), compared with no change in the pregabalin group; no statistically significant difference was seen in the between group comparison. No significant within-group or between-group differences were observed in the number of arousals or the percentages of sleep stages.
Sleep Questionnaires
Mean GSQ scores, which rates sleep of the previous night, improved significantly between baseline and week 4 in the pregabalin group but not in the placebo group (Table 4) . The difference between groups in the mean change of this score also reached statistical significance (95% CI:-9.0 to -0.7; p = 0.03). Data are presented for 6 of 8 MOS sleep subscales; snoring and awakening short of breath are not presented because patients with sleep apnea were excluded. Improvements were observed within the pregabalin group across most MOS subscales, and were statistically significant for 4 of the 8 subscales (Table 4 ). In the placebo group, changes from baseline to week 4 were modest and did not reach statistical significance. The difference in the mean change from baseline between the pregabalin and placebo groups was statistically significant for 2 subscales; sleep disturbance and sleep quantity.
Tolerability and Safety
Mild to moderate treatment-emergent adverse events were reported in all patients in both treatment groups. Headache was the most frequent adverse event, occurring in 6 patients in the placebo group and three in the pregabalin group. Other adverse events occurring in 2 or more patients in either treatment group included the following: dizziness in 4 patients on pregabalin, somnolence in 2 patients in each group, and asthenia in 1 placebo-and 2 pregabalin-treated patients. No serious adverse events were reported.
DISCUSSION
The aim of this study was to explore the effects of the antiepileptic drug pregabalin on sleep disturbance in patients with well-controlled partial seizures and subjective sleep disturbance. Subjectively reported sleep disturbance was based on the SDL, which evaluated sleep in the previous 6 months. The characteristics were compatible with primary insomnia. Two other questionnaires, the GSQ (previous night) and MOS subscales (previous month), also indicated the presence of sleep disturbance. 34, 35 The PSG evaluation seemed to corroborate this. Baseline PSGs indicated that patients had sleep fragmentation as indicated by sleep efficiency, WASO, and number of awakenings when compared with normal sleep variables reported in other studies. [36] [37] [38] The results suggest that pregabalin 300 mg/day may have a positive effect on disturbed sleep based on subjective assessments (questionnaires), but PSG findings were not as consistent. Definitive conclusions are precluded by the small numbers of patients and the changes observed in the placebo group. There was no significant difference between the pregabalin and placebo groups in the mean change from baseline and at 4 weeks in the primary efficacy variable, sleep efficiency. However, pregabalin was associated with a significant improvement in the number of awakenings compared with placebo. Despite the lack of statistical power, the mean reduction in the number of awakenings in the pregabalin group was substantial as was the mean WASO score, which decreased from 51 min to 15 min. These improvements suggest that pregabalin might consolidate sleep in patients with sleep disturbance that is characterized by sleep fragmentation. The mean MOS sleep quantity score increased significantly with pregabalin treatment compared to placebo (mean placebo -pregabalin difference 1.5 hour, 95% CI: 0.4 to 2.7) in addition to a significant improvement in the MOS sleep disturbance scale (mean placebo -pregabalin difference 16.9, 95% CI: 1.3 to 32.5). The magnitude of improvement in subjective sleep variables appeared greater than the improvement observed in objective (PSG) assessments. This discrepancy seems to indicate that relatively small improvements in sleep continuity might be perceived as a relief to the patient. However, larger studies are needed to further examine the relationship between objectively measured and subjectively reported sleep effects. Although there are several other studies in which the effects of AEDs on sleep have been evaluated, subjective effects on sleep disturbance are rarely reported. It is difficult to compare our findings with the results of these studies, due to wide differences in patient population, seizure frequency, duration of treatment and methodology. The effects of AEDs on sleep have been summarized in different publications, 39, 14, 15 which report contradictory results on different stages of sleep, even within the same studies.
Pregabalin is an antiepileptic drug, and epilepsy-related sleep disorder may be partly related to subclinical nocturnal seizure manifestations, leading to fragmentation of the sleeping pattern by nocturnal seizure activity. 40 Although these have not been recorded by the PSGs, undetected seizure improvement is unlikely to be the only explanation for pregabalin-induced sleep improvement. Pregabalin has also been observed to increase slow wave sleep in healthy volunteers 25 and to improve sleep disturbance in chronic pain states. [21] [22] [23] [24] 41 The results of this study could have been affected by factors such as seizure type or localization, concomitant AED type or (unnoticed) intercurrent seizures. However, while no changes in these potential confounds were observed during the study, the study was too small to exclude the influence of covariates on the effects of treatment.
Larger studies are warranted to clarify the relevance of the finding of this exploratory study. Such studies could be more challenging than would be expected from the frequency and the impact of sleep problems in epilepsy.
1 Recruitment for this study was surprisingly difficult, which was unexpected, since the study was performed in conjunction with 2 major epilepsy centers and 2 large teaching hospitals with traditions in clinical research. It seems that the problem is much more important for patients themselves than physicians, as patient-directed advertising recruited more patients more quickly than the study centers.
To our knowledge, this study is the first randomized, doubleblind, placebo-controlled study in which the impact of an AED is specifically examined in a sleep disturbed subgroup. The results of this exploratory study suggest that pregabalin 300 mg/day may improve sleep continuity and subjective sleep quality in these epilepsy patients and that this seems independent of seizure control. The effects of pregabalin on disturbed sleep and seizures and their interrelationships warrant further study.
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